Alpinia zerumbet plantlets were cultured in vitro in MS medium supplemented with growth regulators, including IAA, TDZ and BAP. Using high performance liquid chromatography (HPLC), the production of rutin, kaempferol-3-O-glucuronide, and kaempferol-3-O-rutinoside was evaluated, based on leaf hydroalcoholic extracts of three-month-old plantlets. The relative concentration of phenolics from the hydroalcoholic extracts of plantlets cultured in control medium reached 100% compared with plantlets treated with growth regulators and donor plants (80%). The in vitro rutin production was more pronounced than the other flavonoids. While no direct relation between the content of phenolic compounds and increased flavonoid production was observed, the combination of IAA + TDZ enhanced the production of rutin (83.2 μg/g dried leaves) and kaempferol-3-Oglucuronide (29 μg/g dried leaves), compared with growth regulators used alone. Overall, these findings suggest the value of in vitro cultivation as a means of enriching phenolic and flavonoid production in medicinal plants.
Plant tissue cultures have been investigated as an alternative strategy of producing medicinally valuable secondary metabolites [1] [2] [3] . In support of such a strategy, studies have shown the influence of growth regulators using different strategies in plant tissue culture [4, 5] . Specifically, the yields of flavonoids, essential oils, alkaloids and triterpenes have been optimized through the induction of organogenesis, cell culture suspension, and genetic techniques [3] . Furthermore, growth regulators in contact with cell receptors trigger plant development, with consequences in the secondary metabolism pathways [6] .
Alpinia zerumbet (Pers.) Burtt et Smith (Zingiberaceae) is widely used in folk medicine as an antimicrobial and to treat arterial hypertension [7, 8] . This species presents biologically active compounds, such as flavonoids, tannins, kavapyrones and terpenoids, for therapeutic use [9] [10] [11] [12] [13] . Flavonoids are the main active compounds of A. zerumbet, and they are considered taxonomic markers of Zingiberaceae. They comprise one of the largest groups of secondary metabolites that biosynthetically come from phenylalanine and malonyl-CoA in the phenylpropanoid pathway. Flavonoids have high antioxidant properties, and research has established their potential use in the prevention of cancers and cardiovascular diseases [14] . Based on its multiple uses, the current study aimed to evaluate and, thereby, improve the production of flavonoids by organogenic in vitro cultures of A. zerumbet under the effects of specific growth regulators, and flavonoid content was investigated in leaf tissues. Micropropagation can feasibly produce aseptic and standardized plants that may be used as raw material for natural products. Since no nodes are produced on in vitro cultures of A. zerumbet, the acquisition of new explants in each subculture is directly related to the number of shoots. Moreover, secondary metabolism pathways are integral to plant development with their maximum production occurring in the last stages of plant growth when carbohydrate and nitrogen are redirected to biosynthesis [15, 16] . Therefore, in this phytochemical analysis, three-to four-month-old plantlets were characterized by continuous elongation of shoots and an increase in the number of leaves ( Figure 1 ). Morphogenic responses of A. zerumbet plantlets are shown in Table 1 . A. zerumbet developed and grew vigorously in all media supplemented with growth regulators. Plantlets from media containing 2 mg/L TDZ developed short roots and shoots, and all treatments induced similar proliferation rates. Previous studies on micropropagation of other Alpinia species showed increasing shoot number with kinetin or BAP [17, 18] . TDZ and BAP have promoted shoot production in several in vitro cultures [19] . As shown in Table 2 , the phenolic levels partially resulted from rutin, kaempferol-3-O-glucuronide, and kaempferol-3-O-rutinoside flavonoids detected by HPLC. Rutin and kaempferol-3-O-glucuronide flavonoids were also detected in tissue cultures of A. purpurata [20] . Flavonoids represent the most diverse and widely distributed group of phenolic compounds in plants [21] . We found that the use of auxins plus cytokinins induced an increase in flavonoid content, without linearity between the total production of phenolics and flavonoids under in vitro conditions (Table 1) . However, the production of phenolic compounds was higher in MS0 tissue cultures (100%) than in natura (87%). We speculate that other phenolic compounds, such as tannins or terpenoids, may have contributed to this increase. Interestingly, the addition of 2 mg/L of IAA resulted in reduced phenolic production (39.2%) compared with control (100%). Collin [15] reported that some auxins seem to inhibit secondary metabolite production. Overall, there was no linearity between the total production of phenolics and flavonoids under in vitro conditions. In the natural environment, several factors can influence the production of secondary metabolites, including geography, climate and seasonality [21, 22] . In culture conditions, many more factors can affect growth, including origin and physiological conditions of explants, growth regulators, and light intensity. As such, the reduced production of flavonoids in plantlets compared with donor plants may be explained by low light intensity under in vitro conditions or the developmental stage (Table 2) .
Flavonoids act as endogenous modulators of auxins and may inhibit polar auxin transport, which can result in auxin accumulation in certain regions of the plant [23] . This auxin accumulation can induce the synthesis of flavonoids [24] . On the other hand, auxins can also interfere with the patterns of protein produced before, or early, in plant growth by changing the default enzyme and thus the levels of certain secondary compounds in plants [15] . Therefore, the increase of rutin content in plantlets cultured in IAA 2 and IAA 2 + TDZ 2 mg/L media may have resulted from such interaction among flavonoids, auxins and cytokinins. Reports have shown that natural and synthetic auxins act to increase the production of flavonoids. For example, auxins interact with the flavonoid 3-O-glucosyltransferase enzyme from the synthetic pathway of flavonoids, which participates in glycolization [25] . Also, the effects of auxins and cytokinins on the production of secondary metabolites are related to interaction with biosynthetic enzymes of the secondary pathway, such as phenylalanine ammonia-lyase, chalcone synthase, and geranyltransferase [26] . At low concentrations, TDZ (2 mg/L) induced statistically equal, or greater, production of rutin, kaempferol-3-O-glucuronide and kaempferol-3-O-rutinoside, as compared with TDZ 4 and 8 mg/L concentrations. Remarkably, however, the combination of IAA with TDZ increased rutin concentration by more than 300%, compared with IAA alone. Although there are no studies examining the influence of TDZ on the production of secondary metabolites, it has been shown to improve the in vitro morphogenesis of different cultures, thus increasing the number of shoots [27] . Meanwhile, other cytokinins, such as BAP, seem to improve anthocyanin production and can influence enzymatic steps of secondary pathways.
Flavonoid production in organogenic cultures of Alpinia zerumbet Natural Product Communications Vol. 5 (8) 2010 1221 Histochemical tests using donor and in vitro leaf sections of A. zerumbet gave evidence of flavonoids in vacuoles of hypodermic cells and in photosynthetic parenchyma (Figure 2) . A 5% aqueous solution of KOH reacted with the phenol group of flavonoids, changing their color to intense orange, while non-stained leaf sections presented uncolored vacuoles. The amount of flavonoids in leaves reveals a specialized survival strategy resulting in their UV-protective efficiency, which is essential to ruderal flora [28] .
The findings of the present study suggest that the type and concentration of growth regulators influence the production of rutin and kaempferols by A. zerumbet plantlets; specifically, the combination of auxin and cytokinin demonstrated an important protocol for improving the production of bioactive compounds. Rutin production, which has considerable therapeutic use, was significantly increased by combining IAA and TDZ. On the other hand, no direct relation between the content of phenolic compounds and increased flavonoid production was observed, possibly resulting from the production of other phenolic compounds, such as tannins or terpenoids. Overall, these findings increase our knowledge base as we continue to find alternatives to enrich the phenolic and flavonoid production in medicinal plants grown in microenvironmental systems.
Experimental

Chemicals and standards:
The following flavonoids were extracted and quantified: kaempferol-3-O-βglucuronide (82% purity), kaempferol-3-O-ß-rutinoside (91% purity) and rutin (98% purity). Flavonoids from the kaempferol class were isolated from A. zerumbet and identified by NMR spectroscopy [9] . Rutin was obtained from Merck. Reagents employed in HPLC analysis, such as methanol and phosphoric acid (85%), were HPLC grade (Tedia ® ). 
HPLC-DAD analysis:
Detection of flavonoids was obtained by coelution with authentic samples using HPLC. Crude extracts were filtered using a Whatman filter paper (110 mm Ø) and ultra-sonicated before HPLC analysis. Flavonoid standards and samples were dissolved in 70% methanol at 1 mg/mL and 50 mg/mL, respectively. Qualitative and quantitative analysis of flavonoids in crude extract were performed by the HPLC-DAD technique using a Shimadzu apparatus coupled to an LC-10AD bomb and SPD-M10A-UV detector on a reverse-phase column C 18 (Lichrosorb, 25 cm x 5 mm). Aliquots of extracts (20 μL) were eluted in A) H 2 O (MilliQ) + H 3 PO 4 0.1% (v/v) and B) MeOH at 30% (10 min), 40% (20 min), and 100% (60 min) at a flow rate of 1 mL/min, at room temperature. Flavonoid detections were performed by UV absorbance at 254 and 360 nm. Table 1 presents averages of 3 extractions. The purity of each flavonoid peak was determined by comparison of the UV spectra at upslope and downslope inflexion points for both wavelengths (254 and 360 nm).
Statistics:
The one way ANOVA and, subsequently, the Multiple Range Test (Tukey, p<0.05) were used to compare data. To infer the difference between two means, the Student`s t test (p<0.05) was applied.
Histo-localization:
To identify flavonoids, paradermic cuts and transverse sections of fresh leaves were treated with an aqueous solution containing 5% KOH for 10 min and mounted in glycerin 50%. Vanillin (0.5%)-HCl (9%) was also used for 20 min [31] . Control slides were prepared. Observations were carried out and captured on light microscopy using an Olympus ® (BX-41).
